INTRODUCTION

19
Secondary organic aerosol (SOA), produced by oxidation of anthropogenic and biogenic volatile 20 organic compounds (VOC), constitutes a major fraction of the submicron atmospheric aerosol 1 , 21 and plays a crucial role in the growth of nanoparticles to climatically active sizes of about 80 nm 22 and higher [2] [3] [4] . The current understanding is that, in the absence of an appreciable particulate 23 aqueous phase, SOA formation and particle growth mechanisms depend strongly on the 24 volatility (i.e., effective saturation vapor pressure, C*) of the oxidation products, and broadly 25 fall into two categories: (1) kinetic condensation of extremely low-volatility compounds 5 (C* < 3
26
× 10 -4 µg m -3 ) and supersaturated vapors to the pre-existing Fuchs-corrected surface area size 27 distribution, facilitating the growth of the smallest particles 3, 6 ; and (2) Raoult's law-based 28 equilibrium absorptive partitioning of semivolatile organic compounds (SVOC, 0.3 < C* < 300 µg 29 m -3 ) to the pre-existing organic mass size distribution 7 , favoring the growth of larger particles 3, 6 . 30 The latter assumes that the absorbing particulate organic phase is liquid-like, implying rapid 31 intra-particle diffusion of the condensing compounds (i.e., bulk diffusivity, D b > 10 -10 cm 2 s -1 ).
32
Most atmospheric chemical transport models currently assume liquid organic particles with 33 either rapid or instantaneous equilibration of SVOCs 8 . The use of the mass-based equilibrium 34 versus the kinetic approach to partition all of the SOA formed in an atmospheric model can 35 dramatically alter the aerosol size distribution and have a large impact on the simulated aerosol 36 radiative effects 9 . 37 However, the physicochemical processes governing SOA formation are more complex than 38 currently represented in atmospheric models 10 . For instance, SOA formation can occur via 39 absorption of SVOCs into pre-existing aerosol, followed by rapid particle-phase reactions to 40 5 form nonvolatile products 11, 12 . A rapid particle-phase reaction effectively lowers the 41 concentration of the condensing SVOC at the particle surface, and its effect is reflected in the 42 evolution of the SOA size distribution 12, 13 . In the case of an instantaneous particle-phase 43 reaction, the surface concentration of the condensing compound becomes zero, and the 44 resulting size distribution evolution is identical to that seen in kinetic condensation of 45 nonvolatile compounds 14 . Relatively slower particle-phase accretion reactions of some SVOCs 46 or "monomers" also produce significant amounts of effectively nonvolatile oligomers with large 47 molecular weights [15] [16] [17] [18] [19] [20] . These oligomers are thought to be responsible for increasing the 48 viscosity of SOA particles, making them glassy or semisolid under dry to moderate relative 49 humidity (RH), gradually transitioning to a liquid-like state at higher RH [19] [20] [21] [22] [23] [24] [25] [26] [27] . Low bulk diffusivity 50 (D b < 10 -13 cm 2 s -1 ) inside viscous semisolid particles can slow down evaporation of SVOCs 28-31 , 51 inhibit gas-particle partitioning of SVOCs, prolong equilibration timescales 14, 32, 33 , and affect 52 chemical reactivity [34] [35] [36] [37] . While increase in RH affects evaporation 38-40 and inter-particle mixing 53 processes 41 in some SOA systems, broader implications of low D b on growth and size 54 distribution dynamics of viscous SOA are poorly understood. 55 Here we report results from a laboratory chamber investigation of growth and evaporation 56 kinetics of SOA formed from photooxidation of isoprene-the most abundantly emitted non-57 methane biogenic VOC on Earth 42 . Our experimental strategy consisted of a bimodal aerosol 58 used as seeds upon which isoprene SOA was formed. SOA volatility was estimated from 59 evaporation kinetics of size-selected particles at room temperature in a separate chamber 28, 38 .
60
The role of bulk diffusion in modulating gas-particle partitioning was then assessed through a 6 model closure of the evaporation and growth kinetics, with compositional constraints provided 62 by particle-phase organic speciation measurements. wall losses and continual sampling, these losses had no effect on the evaporation rates, which 146 were determined from the measured changes in particles D va .
Box Models. A multi-layer particle box model was used to interpret evaporation kinetics. The were assumed at zero as the particle evaporated. 
